Abstract: Affordability of services is a determinant for people's level of access to water. In this study, we analyse the effect of a programme aimed at improving the affordability of water services on users' water consumption. The programme was implemented in 2012 by the local government of the city of Bogotá, Colombia, intending to provide an essential "lifeline" volume of water to poor households free of charge. Our assessment was carried out with secondary data and used difference-in-difference estimators in a panel data analysis of a two-period sample: 2011 and 2014. The unit of analysis was defined based on the city's administrative divisions and the socio-economic stratification of residences. Over the period analysed, beneficiaries' household consumption increased, reaching per capita consumption levels closer to those of the upper strata of users. Results suggest that the programme contributes to increased consumption and equity among users.
Introduction
Water consumption can vary significantly from one region to another. Variables that determine use profiles for water are of different types (environmental, economic, political, and social) and can depend on the scale of space and time.
Residential water consumption constitutes the main demand for water at the municipal level in urban areas. In recent decades, water consumption of this type has become particularly relevant considering problems related to scarcity, use conflicts and variability, which are a consequence of dynamics occurring within cities and interactions between cities and their surrounding regions.
Residential demand for water has been studied with different objectives, such as for forecasting, estimation of price elasticity, analysis of factors determining consumption and user behaviour, among others [1] [2] [3] [4] [5] . Estimating residential demand for water is considered a requirement to plan for any policy on water. However, doing so can be problematic for a number of reasons: a lack of reliable data, such as prices paid for services and users' socioeconomic characteristics, and suboptimal use information in the condition of panel data [6] .
Among different types of analyses aimed at determining residential demand for water, the variables commonly considered relevant are mainly associated with price, income, the population's demographic characteristics, characteristics of housing and households, and climate factors [1, 3, 4, 7] . However,
Case Study: Minimum Essential Potable Water Programme Implemented in Bogotá
Bogota is the capital of Colombia. Its population is estimated at 7.7 million inhabitants, approximately 16% of the country's population. The Bogota Water and Sewerage Company (Empresa de Acueducto y Alcantarillado de Bogotá ESP), a public company belonging to the municipality, is the main authority responsible for providing these services. The company provides water to approximately 1.7 million users with service coverage of 99%.
In Colombia, residences are classified in six socioeconomic strata according to the characteristics of the housing and the conditions of its surroundings. 1 is the lowest stratum and 6 is the highest. All residences are classified with the purpose of applying Colombia's established public service tariff regime, which is based on cross subsidies. The highest strata (5 and 6) are obliged to make solidarity payments to those in the lowest strata (1, 2 and 3). The three lowest strata receive these contributions as subsidies to their fixed tariff and to their first 20 m 3 consumed per month, which was defined as the basic volume (until 2016). Stratum 4 represents the middle stratum and pays the tariff without disbursing additional contributions or receiving any subsidies.
Despite the existence of that subsidised tariff, since 2012, Bogota City Hall has provided a free minimum volume of water, considered an essential level, to families in unfavourable economic conditions. The programme was denominated "Essential Minimum Potable Water" (Mínimo Vital de Agua Potable-MVAP) and is part of the city's measures to ensure the human right to water [18] .
The volume established within the programme as "essential" was 6 m 3 /month/household for residential water supply and is based on the estimated requirement of a household with four individuals [19] . Decree n • 64 of 2012 established that a policy would be developed to make the MVAP programme a right of those in strata 1, 2 and 3 that the municipal administration would have to fulfil gradually and progressively. However, the programme was only applied to households with water supply service classified under socioeconomic strata 1 and 2, the lowest of the six strata used to classify the population.
The last update of water demand forecasting in Bogota contains an analysis of residential consumption behaviour between the years 2008 and 2013. In that period, it was observed that the rate of consumption slightly diminished within strata 4, 5 and 6. Consumption levels for stratum 3 were apparently stable in the latest years. Meanwhile, consumption in strata 1 and 2 presented stable rates, with the exception of 2013, in which consumption increased [20] . Figure 1 represents average monthly consumption per household based on aggregated data per stratum and number According to the study of water demand forecasting, one hypothesis that could explain the increase in consumption for the lowest socioeconomic strata in the year 2013 is that the MVAP programme was implemented in the first semester of 2012, between February and March [20] . On the other hand, in the same study, other possible explanations are mentioned: users from higher socioeconomic levels may have wanted to migrate to lower tariff brackets, and a subdivision of families may have occurred, starting in 2010, caused by an increase in construction and in household income.
Methods

Data Collection
In accordance with the objectives of this research, we referred to the dataset used to record bi-monthly billing information (consumption and rates, among others), exclusively for residential users, between 2009 and 2015. That information was provided by the water and sewerage company. Additionally, in an attempt to assess users' socioeconomic profiles, we incorporated data from the Multipurpose Survey, applied in 2011 and 2014 on a random sample of Bogota's population.
This data was obtained from the archive of the National Administrative Department of Statistics (Departamento Administrativo Nacional de Estadística, DANE) and was complemented with location data (neighbourhood level) provided by the District Planning Department of Bogota (Secretaría Distrital de Planeación, SDP). The Multipurpose Survey aims to collect socioeconomic information on the public for evaluation purposes and to follow up on action implemented by local governments. Disaggregated information at the household level was available in each dataset. However, since some of that information was confidential, the responsible authorities omitted all data that could have been used to identify any individuals. For example, this includes information that could have been used to identify the household (address), which made any disaggregated analysis impossible at the household level. According to the study of water demand forecasting, one hypothesis that could explain the increase in consumption for the lowest socioeconomic strata in the year 2013 is that the MVAP programme was implemented in the first semester of 2012, between February and March [20] . On the other hand, in the same study, other possible explanations are mentioned: users from higher socioeconomic levels may have wanted to migrate to lower tariff brackets, and a subdivision of families may have occurred, starting in 2010, caused by an increase in construction and in household income.
Methods
Data Collection
This data was obtained from the archive of the National Administrative Department of Statistics (Departamento Administrativo Nacional de Estadística, DANE) and was complemented with location data (neighbourhood level) provided by the District Planning Department of Bogota (Secretaría Distrital de Planeación, SDP). The Multipurpose Survey aims to collect socioeconomic information on the public for evaluation purposes and to follow up on action implemented by local governments. Disaggregated information at the household level was available in each dataset. However, since some of that information was confidential, the responsible authorities omitted all data that could have been used to identify any individuals. For example, this includes information that could have been used to identify the household (address), which made any disaggregated analysis impossible at the household level.
Thus, common variables from both databases were used, consisting mainly in location and socioeconomic stratum. The common unit to identify location in both datasets was the neighbourhood. The residential stratification system within neighbourhoods was considered to check for the socioeconomic heterogeneity of households throughout neighbourhoods. Thus, in light of this, a neighbourhood-stratum category was created which was considered the unit of analysis in this study.
Availability of socioeconomic data before and after the application of the benefit was a determining factor to define the period over which the assessment would be carried out (the years 2011 and 2014). Another reason for selecting 2014 as the period subsequent to implementation was that it seemed to ensure sufficient time to guarantee users' adaptation to the new condition. Thus, only units with information for both of those periods were considered. It is believed that data concerning users' consumption after a period of two years since the programme's implementation would reflect any changes that users would have adopted in their consumption habits. In that sense, the data analysis method adopted appears adequate to assess the programme's effects on consumption.
Regarding the billing dataset, only households with consumption of an exclusively residential character and both water supply and sewage collection services were taken into account. Thus, households presenting inconsistencies with respect to stratum and services used over time were excluded. Billing data regarding consumption, prices paid, and discounts related to the programme benefit were used to calculate monthly averages for the period of one year. By considering the monthly average per year, changes in consumption related to seasonal factors were disregarded.
The data was from periods close to the point in time when the Multipurpose Survey was applied. In 2011, the Multipurpose Survey was applied between February and April 2011, and the period considered to estimate the monthly average consumption/amount spent per year, which depends on the household billing cycle, was between August 2010 and September 2011. In 2014, the Multipurpose Survey was applied between September and December of 2014, and the period considered to estimate the monthly average per year was between February 2014 and March 2015.
A single dataset was created by aggregating information per unit and subsequently combining common units from both datasets. The data taken into consideration allowed us to characterise the different units according to consumption, tariff paid for services and the population groups' socioeconomic information.
Multiple Comparison Analysis
Two-way analysis of variance (ANOVA) with interaction was the test used to identify differences in consumption and prices paid between the different strata and periods, and the interaction between these two factors [21] . The assumptions of normality and homogeneity of variance of the residuals, which are used in two-way ANOVA, were tested through the Kolmogorov-Smirnov and Levene statistical tests, respectively.
For multiple comparison between the groups, the Tukey HSD test was used considering the Tukey-Kramer method for groups with different sample sizes [22] . The Tukey HSD test was selected given its robustness, its adequate control of total statistical significance, and its ability to compare groups with different sample sizes [23, 24] . The Tukey HSD test with adjusted alpha was applied exclusively to comparisons of particular interest. Concretely, it was applied between the two periods for each stratum and, in each period, between all strata, in an attempt to check for a type I error present in pairwise comparison analyses owing to an inflated alpha. The tests were executed through the HSD.Tukey() function with adjusted alpha in R software's Agricolae package [22] .
Since the assumptions of the ANOVA were not completely satisfied, additional tests were applied to compare their outcome with that which was reached through the Tukey HSD test, attempting to confirm if this would generate problems in the result of the analysis. In this sense, the nonparametric Kruskal Wallis test was applied to the comparison between strata by period, as well as the Conover-Iman multiple comparison test with Bonferroni correction [25] .
With respect to the comparisons between periods of strata, the ANOVA results were compared with those of the t-Student and Wilcoxon test with Bonferroni correction [25] . For all tests, a significance level of 10% was used. Because of the similar outcomes reached, the section on results and discussion (Section 4) only present the Tukey HSD test results.
Comparisons were performed for three scenarios: (i) considering all units, analysing the differences between the six strata and two periods; (ii) considering all units, analysing the differences between strata 1, 2 and 3 and the two periods; and (iii) considering only units of strata 1, 2 and 3 and the two periods. In the two latter cases, we attempted to identify the differences between strata with close socioeconomic characteristics.
Econometric Analysis
An econometric analysis of panel data was performed to assess the effects of the programme on users in the units under analysis, considering the same units before and after implementation of the programme. The difference-in-differences model was adopted, a quasi-experimental technique that measures the effect of an exogenous event on a particular period of time. This approximation depends on the presence of a treatment group (which is affected by the action) and a control group (which remains unchanged). Each group must include data at least from two periods or moments in time: one before the treatment (pre-treatment) and another after it (post-intervention), which allows systematic differences to be identified between the two groups. The model is defined by the following equation:
The independent variable Cons it represents the average monthly consumption per household in the unit i in year t. The variable year2014 t was defined as a binary variable to represent the moment following the programme's implementation. MVAP i was defined as a binary variable to indicate the treatment group, units with households that obtained the programme benefit (those classified in strata 1 and 2). x it represents a vector of the characteristics that change over time in the different aggregated units. ε it is random error, which represents unobserved characteristics.
The difference-in-differences estimator, β 3 establishes the change in average consumption for those units of households that obtained the benefit. The Ordinary Least Squares (OLS) method was used to estimate the model's parameters. A level of significance of 5% was used to analyse the results and the assumptions of the adjusted models were validated to determine the reliability of the results.
The traditional difference-in-differences estimator is based on strong assumptions, one of which is that the result of the averages for the samples of the treatment and control groups must follow a parallel pattern in the absence of an exogenous event [26] .
Because of the common presence of heteroscedasticity in linear regression for panel and cross-sectional data, the presence of heteroscedasticity was estimated by the Breusch-Pagan test. The robust-standard errors were calculated in evidence of heteroscedasticity.
Stratum 3 was selected as the control group. The rationale behind this decision was that its socioeconomic level is closer to those of the programme beneficiaries (strata 1 and 2) and, thus, they would possess similar characteristics in comparison with the remaining strata. Moreover, in this stratum, consumption behaviour presented a parallel tendency in comparison to the two lowest strata during the years before the programme was implemented, as demonstrated in Figure 1 (see the period between 2009 and 2012). With respect to the tariff structure, they are also beneficiaries of a cross subsidy.
To select variables representing vector x it , questions and answers from the socioeconomic surveys were chosen that corresponded with the variables reported in the literature on assessing residential demand for water in urban areas. In some cases, they were transformed into new variables per household since they correspond to disaggregated data per person or family within the household. Based on those variables, cluster analyses were performed to confirm correlation between the variables. Principal Component Analysis (PCA) was also carried out to maintain variables that would best represent correlated variables or substitute for a new variable calculated based on the former [27] .
Furthermore, the significance of correlations between consumption and the variables was verified through Spearman's rank correlation coefficient [21] .
Finally, the Best Subset Regression method was used to avoid including irrelevant variables or to omit relevant variables in the difference-in-differences model. In this way, it was possible to determine a set of variables that best explained the behaviour of consumption in the linear regression. The method was executed using the regsubsets() function in R software's Leaps package, which uses a branch-and-bound algorithm to perform an exhaustive search for the best groups of independent variables that predict the dependent variable in a linear regression [28] . Adjusted R-squared was used as the criteria to choose the models for best adjustment. Table 1 represents the sample composition of 519 neighbourhood-stratum units. Those units were created by aggregating and combining data from billing and socioeconomic surveys datasets. The units are composed of a selection of households that represent approximately 42% of the total number of households. The socioeconomic characteristics attributed to each unit were composed of about 80% and 74% of the multipurpose surveys that were applied to random samples in 2011 and 2014, respectively. Table 2 presents descriptive statistics and differences between consumption means by unit per stratum, for both of the analysed periods. A tendency of reduced consumption per household can be observed in the latter years and, among all 519 units analysed, consumption in 2014 was slightly less than in 2011. However, when analysed by stratum, different tendencies emerge. For example, consumption increased for the beneficiary strata (1 and 2) and decreased for the remaining strata. Strata 3 and 4 present the smallest average levels of consumption per household, both in 2011 and 2014. Stratum 6 presents the greatest consumption level in 2011, but is surpassed by stratum 1 in 2014. The greatest difference (in absolute terms) in average levels of consumption between the two time periods under analysis was for stratum 6, while the least difference came from stratum 2. It is important to highlight that the findings for the sample of 519 units are coherent with the patterns presented in Figure 1 for all users of water services and the findings of the last study of water demand forecasting, which indicates that the sample adequately represents consumption behaviour within the scope of the study.
Results and Discussion
Analysis of Water Consumption
Upon comparing the different groups' means of consumption, obtained through two-way ANOVA with interaction, considering the six strata, the hypothesis of equal averages among the different strata (p < 0.001) and between stratum:period interactions (p = 0.009) was rejected, indicating rather significant differences instead. The means between periods did not present significant differences (p = 0.2317).
Water 2018, 10, 158
The same result, with regard to the significance level, was found when considering the dataset with only the first three strata. The significant stratum:period interaction suggests the importance of its effect on consumption and that such comparisons must be further explored, see Appendix A for further details. The results of the multiple comparison test for consumption are presented in Table A1 . Figure 2 presents the result of the pairwise comparison analysis among strata, performed with the Tukey test, and shows mean consumption ± standard deviance of consumption for each stratum in the given year. interaction suggests the importance of its effect on consumption and that such comparisons must be further explored, see Appendix A for further details. The results of the multiple comparison test for consumption are presented in Table A1 . Figure 2 presents the result of the pairwise comparison analysis among strata, performed with the Tukey test, and shows mean consumption ± standard deviance of consumption for each stratum in the given year. In Figure 2 different significances are presented with different letters (p < 0.1) between strata per year as follows: a = a, ab = a, ab = b, a < > b. For instance, considering all units (six strata), upon comparing mean consumption per household of units by stratum, in 2014, for the beneficiary strata, significant differences were noticed between strata 1 and 3 (p < 0.001), a < > bc, and 1 and 4 (p < 0.001), a < > b. These differences were not observed in the year 2011, ab = b. This can be explained by the magnitude in change between the years for these strata, in addition to the opposing tendencies regarding their consumption, while consumption increased in stratum 1, it decreased in strata 3 and 4, (see Table 2 ).
Other significant differences were found between strata 2 and 3 (p = 0.017, 2011, and p < 0.001, 2014), and 2 and 4 (p = 0.003, 2011, and p < 0.001, 2014) in both periods. Considering the dataset with only the three first strata, the same results were obtained except that the difference between strata 1 and 3 was significant in 2011 (p = 0.097) and 2014 (p < 0.001). The p-values of the pairwise comparison test of consumption are presented in Table A2 .
In the same test, when analysing differences between periods for each stratum, no significant differences were found for consumption, with the exception of stratum 3 (p = 0.069 and p = 0.072) in both cases where the higher strata were not considered in the analysis, (see Table A2 ). In Figure 2 different significances are presented with different letters (p < 0.1) between strata per year as follows: a = a, ab = a, ab = b, a < > b. For instance, considering all units (six strata), upon comparing mean consumption per household of units by stratum, in 2014, for the beneficiary strata, significant differences were noticed between strata 1 and 3 (p < 0.001), a < > bc, and 1 and 4 (p < 0.001), a < > b. These differences were not observed in the year 2011, ab = b. This can be explained by the magnitude in change between the years for these strata, in addition to the opposing tendencies regarding their consumption, while consumption increased in stratum 1, it decreased in strata 3 and 4, (see Table 2 ).
Other significant differences were found between strata 2 and 3 (p = 0.017, 2011, and p < 0.001, 2014), and 2 and 4 (p = 0.003, 2011, and p < 0.001, 2014) in both periods. Considering the dataset with only the three first strata, the same results were obtained except that the difference between strata 1 and 3 was significant in 2011 (p = 0.097) and 2014 (p < 0.001). The p-values of the pairwise comparison test of consumption are presented in Table A2 . In the same test, when analysing differences between periods for each stratum, no significant differences were found for consumption, with the exception of stratum 3 (p = 0.069 and p = 0.072) in both cases where the higher strata were not considered in the analysis, (see Table A2 ).
Further elaborating on consumption behaviour per household, Table 3 presents average consumption per capita and the average number of members per household for each of the different units. A slight decrease was noted for consumption per household in 2011 and 2014, while a slight increase was apparent for per capita consumption. Per capita consumption patterns were not different in comparison to per household consumption in the different strata, except for stratum 3, for which an opposite tendency was observed with an increase in per capita consumption (see Tables 2 and 3) . In this way, it is evident that analyses of consumption tendencies should consider the number of members per household. For both periods analysed, the number of members decreased as the stratum classification increased. The number of members per stratum were significantly different in strata 1, 2 and 3 between both periods studied (p < 0.001), while in the remaining strata those differences were not significant. Moreover, considering the dataset with only the three first strata, significant differences were found among the strata in both periods, except between strata 1 and 2 in 2014, as indicated by the p-values in Tables A3 and A4 .
In comparison to the values observed in 2011, the values for per capita consumption in 2014 were closer among the lower strata, reaching values of 100 L/inhabitant/day (see Table 3 ). Per capita consumption per stratum was significantly different in strata 1, 2 and 3, between both periods studied (p < 0.001), while in the remaining strata those differences were not significant. Analysing the dataset with only the three first strata, significant differences were identified between per capita consumption in strata 1 and 2 (p = 0.044), and 1 and 3 (p < 0.001) in the year 2011, which were not statistically significant in the year 2014, (see Tables A4 and A5 ). The proximity of average per capita consumption between strata 1 and 2, and 1 and 3, in 2014, makes it possible to infer that greater equity was achieved with respect to access to a basic quantity of water.
Consumption levels were greater than the estimated value of 50 L/inhabitant/day, which is defined as the essential minimum volume by the government programme, and less than the values observed for higher strata. Per capita consumption in higher strata did diminish, but was still greater than 120 L/inhabitant/day and, thus, more than the levels of lower strata.
Howard and Bartram [29] provided estimates for different levels of service according to the type of access to water supply, the quantity of water consumed, the needs of individuals that were satisfied, and the level of health-related risk. Those authors considered that optimal access to water, meaning that which meets all domestic and hygiene-related needs and lowers health risks, would be that which provides an average quantity of at least 100 L/inhabitant/day, in specific conditions with continuous access from several sources located within a household. Given this, lower strata households can be considered to have reasonable consumption levels on the condition that their access is achieved through household connections with consistent water availability. Table 4 contains descriptive statistics of the amounts paid per household for water and sewerage services. The base fee as well as the charges for actual consumption were considered according to the tariff established for each stratum. The amounts paid in 2014 by strata 1 and 2 include the discount for their benefit from the MVAP programme. The increase in amounts paid can be considered a consequence of price readjustments by the Consumer Price Index (Índice de Precios al Consumidor, IPC) over time, considering that calculation methodology and tariff structure did not change in this period. The same comparative analysis performed on consumption was also carried out on values paid by households. Through the two-way ANOVA with interaction test, significance differences were found among strata (p < 0.001) and among stratum:period interactions (p < 0.001). The means between periods did not present significant differences (p = 0.337). Considering the dataset with only the first three strata, the differences were significant between the periods (p < 0.001), among strata (p < 0.001) and, also, among stratum:period interactions (p = 0.001). The results of the multiple comparison test for the amount paid are presented in Table A6 .
Analysis of Charges for Water and Sewerage Services
Significant differences were found in the pairwise comparison between strata (p < 0.001, for all comparisons) for both 2011 and 2014, see Table A7 . This result coincides with the fact that the tariff model for public services in Colombia is based on cross subsidies. Thus, contributions and subsidies are equal to a proportion of the established tariff's value and are different according to the stratum and the rate paid. The proportion of subsidies and contributions established by the service provider for each stratum remained the same in the period between 2011 and 2014. In Figure 3 , the result of comparisons (obtained via the multiple comparison Tukey test) between pairs per stratum are presented, showing the average ± the standard deviation of the values paid by each stratum per year. Table 4 highlights the difference in values paid by each stratum in both periods. A reduction in the values paid by strata 1 and 2 can be observed, while values increased for all other strata. For the six strata and three strata dataset, there was a significant difference (p < 0.001) in mean values paid in the two periods for each stratum, except for stratum 1 (see p-values in Table A7 ). In part, this is probably explained by the benefit received by households in this stratum, which compensated for the increase in the tariff over the years studied. This same behaviour could be expected for stratum 2, since it also receives the benefit. However, there was a significantly lesser difference in average values paid between 2011 and 2014 for this stratum. This is explained by the fact that the programme ensures the same quantity of water free of charge to residences in both strata (6 m 3 ) and, in accordance with the tariff structure, the value that strata 1 pays per m 3 receives a 70% subsidy, compared to a subsidy of only 40% for strata 2. Thus, since stratum 2 pays a higher value per m 3 , the discount for 6 m 3 of water is greater than what is received by households from stratum 1. For that reason, the difference in amount paid by stratum 2 (COP$4877) over the years that were studied was greater than the difference in amount paid by stratum 1 (COP$1645). In addition, results for the same comparison analysis for the amount paid in the scenario without the implementation of the programme are shown in Tables A7 and A8. In that case, the difference between the years for stratum 1 would be significant and the amounts paid for strata 1 and 2 would have increased as in the remaining strata. comparison analysis for the amount paid in the scenario without the implementation of the programme are shown in Tables A7 and A8. In that case, the difference between the years for stratum 1 would be significant and the amounts paid for strata 1 and 2 would have increased as in the remaining strata. Furthermore, average consumption levels for stratum 2 changed to a lesser extent in comparison to those of stratum 1. However, this comparison omits some variables that could have influenced those changes. For other strata, on the contrary, the values paid increased significantly. It may be highlighted that the tariff was not changed beyond the readjustments established by the IPC during the period that was studied.
The comparison of the selected units in both periods revealed a tendency in the latter years among households in the city of Bogota. The highest strata tended to consume lesser volumes, closer to the level of those consumed by the lower strata. This may be explained, in part, by the differences observed between the amounts paid by the averages of the highest and lowest strata in 2014, and by the reduced number of members per household.
Judging by the differences of the average amounts paid and consumption levels among the three lowest strata, it can be inferred that the changes in water consumption were due to the influence of the existing tariff structure and the possible effect of the MVAP being implemented since 2012. Yet, a more in-depth analysis is needed that incorporates demographic, social and economic variables in order to clarify the actual effect of the programme on beneficiaries' consumption habits.
Estimation of the MVAP Programme's Impact on Consumption
In an attempt to depict a consumption model to analyse the impact of the programme, certain information was selected from the Multipurpose Survey that could have some relationship with consumption habits. The variables taken into consideration encompassed the following categories: inhabitant characteristics, household characteristics, rational use practices and alternative water sources, and socioeconomic characteristics (see Appendix B for further details). Figure 4 presents the Spearman coefficients ( ) of variables with greatest correlation to consumption, which were selected and created from three different datasets (scenarios), in accordance with the methodology: (a) strata 1, 2 and 3; (b) strata 1 and 3, and; (c) strata 2 and 3.
Based on the variables with greatest correlation to consumption, the Best Subset Regression model was used to select the variables. This method was implemented in several difference-in-difference models that were analysed in the present study. Furthermore, average consumption levels for stratum 2 changed to a lesser extent in comparison to those of stratum 1. However, this comparison omits some variables that could have influenced those changes. For other strata, on the contrary, the values paid increased significantly. It may be highlighted that the tariff was not changed beyond the readjustments established by the IPC during the period that was studied.
In an attempt to depict a consumption model to analyse the impact of the programme, certain information was selected from the Multipurpose Survey that could have some relationship with consumption habits. The variables taken into consideration encompassed the following categories: inhabitant characteristics, household characteristics, rational use practices and alternative water sources, and socioeconomic characteristics (see Appendix B for further details). Figure 4 presents the Spearman coefficients (ρ) of variables with greatest correlation to consumption, which were selected and created from three different datasets (scenarios), in accordance with the methodology: (a) strata 1, 2 and 3; (b) strata 1 and 3, and; (c) strata 2 and 3.
Based on the variables with greatest correlation to consumption, the Best Subset Regression model was used to select the variables. This method was implemented in several difference-in-difference models that were analysed in the present study. The difference-in-difference models varied according to certain specifications: (i) control and treatment group; (ii) disaggregation of the strata, and; (iii) the variables included to identify changes in time. Table 5 details each of the models. Appendix C presents the average and standard deviance of the variables selected to be a part of the models. Table 6 contains the results of the difference-in-difference estimator for the different models' specifications. In all models, stratum 3 was considered the control group given its similar behaviour to strata 1 and 2, both regarding consumption and socioeconomic characteristics. In this case, the difference-in-difference estimator is represented by the coefficient of variables for interaction between stratum and year, and depicts change in average consumption per household having obtained the benefit for units analysed. The difference-in-difference models varied according to certain specifications: (i) control and treatment group; (ii) disaggregation of the strata, and; (iii) the variables included to identify changes in time. Table 5 details each of the models. Appendix C presents the average and standard deviance of the variables selected to be a part of the models. Table 6 contains the results of the difference-in-difference estimator for the different models' specifications. In all models, stratum 3 was considered the control group given its similar behaviour to strata 1 and 2, both regarding consumption and socioeconomic characteristics. In this case, the difference-in-difference estimator is represented by the coefficient of variables for interaction between stratum and year, and depicts change in average consumption per household having obtained the benefit for units analysed. Notes: Robust-standard errors in parentheses, (.) p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001.
The control variables that were considered over time for all models were: average number of additional areas per home, Addit_area; percentage of households with a laundry tank, Laund_tank; percentage of households with water reuse practices, Reuse; average rate of ability to pay in households ignoring the benefit, AI; and average number of household members, Members. Those variables had a significant effect on average consumption per household and are commonly used socioeconomic variables in models designed to assess demand for water.
An adequate adjustment level was obtained for the models that were developed in comparison with the results of other water consumption assessment models that incorporate socioeconomic variables [5] . When the treatment group corresponded with all of the programme's beneficiaries, the adjusted model (A) managed to explain 46% of variance in the data. This number reached 50% when using adjusted models considering each stratum as treatment, separately, (C) and (D). Thus, given the different selected control variables for each model, according to the treatment group considered, the variables Room_dens, Owner and Apartment were not selected for all models. However, in an attempt to clarify their relevance and compare the several models for different treatment groups, all common control variables were included (models A.1, B.1, C.1 and D.1). It was found that the changes in variable coefficients and in the multiple determination coefficient, adjusted R-squared, were slight in comparison to the corresponding model that did not consider all variables.
Since the adjusted R-squared were similar among the adjusted models, models (C) and (D) were selected as those that best represented the cases under analysis, since the effect of the programme was considered separately for each stratum with the corresponding group of variables that adjusted the model best.
The results of the models suggest that the programme had a positive and significant effect on average consumption per household in the units that were studied. Estimated through model (C), which considers stratum 1 as treatment, the effect of the programme was 0.61 m 3 /month. For model (D), which considered stratum 2 as treatment, this figure was 0.554 m 3 /month. These results depend on the covariables remaining fixed. Thus, the programme's impact on water consumption was slightly more in stratum 1 despite the discount being proportionately greater for stratum 2. It can thus be inferred that a direct relationship does not exist between the amount of the discount and consumption. In sum, a greater discount did not lead to greater consumption, contrary to what may have been expected. Therefore, it may be considered that the observed increases in consumption, corresponding with the effect of the programme, were related to basic levels of consumption per capita being attained rather than consumption increasing unreasonably. Indeed, in 2014, the three lowest strata presented similar average per capita consumption levels, as mentioned previously. Therefore, users did not necessarily react to lower tariffs for their services by wasting more water.
Jansen and Schulz [4] performed a study on the city of Cape Town (South Africa) to assess the factors that influenced water consumption. These authors observed that only 29% of households receiving water free of charge for consumption less than 6 m 3 /month, actually consumed the maximum allowed quantity.
Moreover, the coefficient values of the remaining variables evidence that the programme was not the main determinant for the consumption. The main difference between the specified models was the stratum variable's effect and its significance, as may have been expected. Since strata 2 and 3 are closer than strata 1 and 3, the behaviour of the former was more similar. In the case of model (D), the stratum variable was not significant for the same reason: since the strata are close, the remaining variables explained the changes in consumption levels.
The constant was significant in both models and, similarly for the strata, the magnitude was greater in model (C) for the same reasons explained previously with respect to the stratum variable.
Other variables that presented a greater effect on consumption in comparison to the programme's effect were, in the case of model (C): Room_dens and Addit_area; and in the case of model (D): Addit_area and AI. Additional variables with a lesser effect (nevertheless close to those of the programme) were, for model (C): AI and Members; and for model (D): Members. The year variable was not significant and the coefficient value was much less than that of previous variables, demonstrating its lacking influence on consumption in the periods studied. Among the remaining variables, Laund_tank, Reuse and Apartment, while significant, their effect on consumption was slightly less.
The programme did affect water consumption in the beneficiary strata despite the belief that low-income families are not overly sensitive to price given that their consumption is mainly for basic needs. Based on that observation, it can be inferred that the basic needs for water of the programme's beneficiaries were not being met by the volumes that they consumed in 2011.
Conclusions
The analysis developed in the present study made it possible to identify a tendency of diminished consumption on the part of higher strata and increased consumption by lower strata over the specified period of time.
Research in the literature on assessments of water demand, predominantly, use economic instruments. Published works that adopt models integrating economic and social variables are rare due to the difficulties in obtaining data at the appropriate scales [30] . In the present analysis, despite the limitations, it was possible to assess the programme's effect on average consumption of programme beneficiaries through secondary aggregate data by neighbourhood and stratum.
Judging from the results, it can be inferred that the programme had the effect of increased average consumption levels in beneficiary households in the units studied. An assessment of this type of social programme allows the actual effects of the said programmes to be clarified, when they incorporate other variables that simultaneously influence the behaviour of the variable under analysis, in this case water consumption.
Despite the existence of a socially differentiated tariff structure, which establishes subsidies and contributions according to socioeconomic conditions, per capita consumption in 2011 showed differences between strata that subsequently disappeared in 2014. Specifically, this was observed between the first three strata, evidencing improved conditions in terms of equity between those strata. Thus, it can be affirmed that the programme's effect on consumption did not stimulate what could be considered excessive consumption.
The results obtained from the present analysis did not consider disaggregated data per household. For that reason, it was not possible to identify individual cases that could reflect extreme or atypical conditions in particular households. Moreover, studies encompassing a period of time after those analysed in the present research would be able to confirm the validity of the findings of the present study over time. 
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